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Observations 



vehicles and missions planned for the near and 
foreseeable future. 
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Why the Increased Interest in Space? 




Shift in Programmatic Approach? 




STARDUST Spacecraft Mission 



Advanced materials key to mission’s success 




Propulsion Systems 





Enterprise Goals 



Increase safety and reliability 





Enterprise Goals 



power available to the payloa< 
Increase safety and reliability 





Generations of Reusable Launch Vehicles 
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Key Drivers for Utilizing 
Ceramic and Composite Materials 



Cost: Reduced System Operational Costs (e.g., less 
inspections, rebuilds) 



Example of Composite Heat Exchanger 
Weight Benefits (ref: P&W) 
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Metal Composite Hot Face All 

Design with Composite 

Metal Tubes Design 



Potential Ceramic and CMC Components 



Bearings 

Propellant Injectors 



Component Needs Addressed by 
Three Focus Areas 



Uncooled Thin-walled Structures 



Cooled Composite Subelement Test at NASA GRC 
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Cooled Composite Thruster Tests at NASA GRC 





Actively Cooled Composite Configurations 
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Turbomachinery Components 







Uncooled Thin Walled Structures 
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Uncooled Ceramic and CMC Thrusters 




Requirements Drive Design Options 




Key Shortfalls/Challenges 



Scaled manufacturing facilities/practices 
Inspection techniques 
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Attachments, Manifolding, Backside 

Structures 





Understanding of Materials and Structures Base 
Technologies Required for Ceramic Composites 





widespread application ot these materials in reusable space 
propulsion systems. 



THE ROLE OF CERAMICS AND CERAMIC MATRIX COMPOSITES IN NASA'S ADVANCED 
SPACE PROPULSION PROGRAMS, Andrew J. Eckel, NASA Glenn Research Center, 
Cleveland, OH 44135 

In recent years, NASA has embarked on several new and exciting efforts in the 
exploration and use of space. The successful accomplishment of many planned missions 
and projects is dependent upon the development and deployment of previously unproven 
propulsion systems. Key to many of the propulsion systems is the use of structural 
ceramics and ceramic matrix composites. 

In spite of their promise, a number of programmatic and technical hurdles remain before 
the potential of ceramic materials can be realized. A programmatic environment which 
focuses on relatively short term hardware demonstration programs precludes traditional 
longer term material’s development efforts. The challenge oftentimes becomes one of 
engineering ceramics into proposed missions. This is dependent upon a fundamental 
understanding of processing, degradation and design issues unique to space vehicle 
design and operations. 

A review of the general missions and benefits of utilizing ceramics and ceramic matrix 
composites will be presented. The design parameters and operating conditions will be 
presented for both specific missions/vehicles and classes of components. Key technical 
challenges and opportunities are identified along with suggested paths for addressing 
them. 



